Objective: The objective of this study was to evaluate the antimicrobial activity of different power settings of potassium-titanyl-phosphate (KTP) laser in experimentally infected root canals. Methods: A total of 119 freshly extracted human single-rooted teeth with mature apices were selected for study. After preparation and sterilization, the specimens were inoculated with 15 µL Enterococcus faecalis for 24 hours at 37°C. The contaminated roots were divided into five experimental groups (1W, 1.5W, 2W, 3W, and 4W KTP laser), one negative control [sodium hypoclorite (NaOCl)] group, and one positive control (sterile saline (SF)) group of 17 teeth each. Before and after applications in the groups, samples retrieved with sterile paper points from the root canal were transferred to tubes containing 5 mL of the brain heart infusion broth. Next, 10 µL of these suspensions were placed at two different sides of the blood agar medium. Bacterial reduction was counted according to the colony-forming units and data were statistically analyzed using the Kruskal-Wallis and Tukey's tests.
Introduction
The principal role of microorganisms in pulpal and periapical diseases has been demonstrated in previous studies (1) (2) (3) . The elimination of microorganisms from the root canal system and its three-dimensional (3D) tubular network has been acknowledged as a necessary requirement of endodontic treatment. This goal is usually followed by chemomechanical instrumentation, the use of disinfecting solutions, and the settlement of intracanal medication. Sodium hypochlorite (NaOCl) is the most widely used irrigation solution owing to its proven antimicrobial effectiveness and tissue digestive properties and is considered the gold-standard irrigation solution (4, 5) . Nevertheless, the complete elimination of microorganisms from the root canals appears to be an impossible task (4) . This can be attributed to the complex nature of the root canal anatomy, which includes accessory canals, anastomoses, and fins. The microorganisms are able to diffuse the root dentin up to a depth of more than 1 mm; however, disinfecting solutions achieve a depth of only approximately 100 µm (6, 7) . Enterococcus faecalis is the most frequently isolated bacteria with treatment failure after root canal treatment (8) that can penetrate to depths between 160 and 1000 µm into the lateral dentinal tubules (9) . Furthermore, E. faecalis has the ability to produce intra-and extraradicular biofilms (10) ; hence, it is difficult to disinfect the whole root canal system with the currently used chemomechanical preparations and irrigations. Because of this deficiency in the penetration depth of the disinfecting solutions, microorganisms survive and are a cause of failed endodontic therapy (11) .
The introduction of laser beams in the field of endodontics increased the effectiveness and success rate of root canal treatment because the laser beam delivers the fiber optic effect to the dentinal tubules (12, 13) . The mission of laser energy could indicate a way to disinfect areas deep within the dentin (14) . In previous studies, various laser systems have been evaluated in root canal therapy, and most of them have shown favorable results (15) (16) (17) . In dentistry, potassium-titanyl-phosphate (KTP) lasers are primarily used for surgical procedures and tooth whitening; however, their use in endodontics is novel (18, 19) . Schoop et al. (20) showed that the 1W power setting appeared to be too low to have an effect on E. faecalis, but the number of bacteria decreased when the duration of the KTP laser irradiation or the power level was increased. Kustarci et al. (21) evaluated the antimicrobial activity of the KTP laser at 1.5W and found that a the KTP laser at 1.5W reduced the E. faecalis bacterial load but could not achieve complete sterilization.
The aim of this study was to evaluate the antimicrobial activity of the KTP laser at various output powers ranging from 1W to 4W in experimentally contaminated root canals.
Methods
This study was approved by the Ethics Committee of the University of Cumhuriyet, Sivas, Turkey. Informed consent was obtained from all individual participants included in the study.
Selection and preparation of teeth
A total of 119 freshly extracted human single-rooted mandibular premolar teeth were used in this study. All teeth were examined using digital periapical radiographs (PR) (Dıgora; Soredex, Helsinki, Finland) in buccal and proximal directions. The parameters of the PR were 70 kV, 70 mA, 0.07 s, with the angle for the pitch tube perpendicular to the tooth length axis and film and the film parallel to the tooth length axis. Teeth with calcification, open apices, and multiple anatomy were excluded. The selected teeth were mechanically and ultrasonically cleaned and then stored in SF at 4°C until use. The crowns were separated at the level of the cemento-enamel junction with a diamond disk. Root length was standardized at 16 mm. An International Standards Organization (ISO) #15 K-type file (Denstply Maillefer, Ballaigues, Switzerland) was inserted into the root canal until visible at the apical foramen. The working length of each root canal was then established 1 mm short of the apical foramen. Gates Glidden burs (Dentsply Maillefer) #1 to #4 were used to enlarge the coronal third of the root canals before instrumentation. All canals were instrumented using a traditional step-back technique. The coronal size up to ISO #60 and apical size up to ISO #40 K-file were determined. The canals were irrigated with 1 mL 2.5% NaOCl between each file, and at the end of the instrumentation, the smear layer was removed using 2 mL 17% ethylene diamine tetra acetic acid for 2 minutes and then with 2 mL 2.5% NaOCl. For the final irrigation, 2 mL distilled water was used, and root canals were then dried with absorbent paper points.
The external surfaces of all roots were covered with nail varnish to prevent microleakage. Standard apical size was achieved using a 15 K-file. A hole was created in a rubber stopper, and roots were fitted into the hole; subsequently, the rubber stopper with the roots was seated into the vial. The entire model was sterilized in ethylene oxide gas for a 12-hour cycle using an Anprolene AN 74C Gas Sterilizer (Andersen Products Inc., Haw River, NC, USA).
Bacterial inoculation
E. faecalis (American Type Culture Collection, ATCC, 29212) grown in the brain heart infusion broth (BHI; Difco, Detroit, MI, USA) was used. All of the canals were then contaminated with E. faecalis. The 0.5 McFarland standard was used to appreciate the broth. A 15 µL amount of the bacterial culture was introduced into the root canal using a sterile micropipette and then stored for 24 h at 37°C. The contaminated roots were then randomly divided into seven groups (5 experimental, 2 control) of 17 samples each.
Experimental and control groups Laser groups (1-5):
The SmartLite KTP laser (Deka, Calenzano, Italy) system was used during the irradiation procedure. For all groups, n: 17, Ton: 10 ms, and Toff: 50 ms. During laser irradiation, the optical fiber optic cable (diameter of 200 µm) was inserted into the canals passively to within 1 mm of the apex then moved coronally with a spiral movement. at a duration of apical and middle third roots for 3 seconds and coronal third of roots for 4 seconds. This procedure was repeated three times on each sample with a 20-second cooling time between each irradiation.
Group 6 (Negative control):
The root canals were irrigated with 2 mL of 2.5% NaOCl solution using a 2.5-mL plastic syringe with a 27-gauge needle. Root canals were exposed to the solution for 10 minutes.
Group 7 (Positive control):
The root canals were irrigated with 2 mL of 0.9% SF solution.
Bacterial evaluation
To remove the bacteria from root canals, each canal was washed with 1 mL of 0.9% SF solution; subsequently, size 40 sterile paper points were held for 1 minute inside the canals before and after the experimental and control group procedures. The paper points were relayed to tubes that contained 5 mL of the BHI broth. Tubes were vortexed for 5 minutes, and 10 mL of the suspension was inoculated onto blood agar plates. The blood agar plates were divided into 2 parts: one for pre-treatment inoculation and the other for post-treatment inoculation. The blood agar plates were incubated at 37°C for 24 h.
Statistical analysis
Bacterial reduction was investigated according to the colonyforming units (CFU), and the results were analyzed using Kruskal-Wallis and Tukey's post hoc tests. The significance level was set at p=0.05. All statistical analyses were performed using the SPSS 20.0 software (IBM SPSS Statistics; Armonk, NY, USA).
Results
Bacterial counts of each group before (C1) and after (C2) treatments and bacterial reductions [C1/C2 (%)] in different groups are presented in Table 1 and Figure 1 . A bactericidal effect was observed for all groups. The maximum decrease occurred in the group where 2.5% NaOCl (100%±0.00%) was employed. This decrease was followed by decrease in the following groups: 4W (94.26%±4.09%), 3W (87.98%±3.80%), 2W (77.43%±4.73%), SF (68.80%±16.97%), 1.5W (65.89%±12.29%), and 1W (52.08%±20.46%). The 2.5% NaOCl solution used on the negative control group made a successful elimination. Interestingly, the bactericidal activity of SF used in the positive control was higher than 1W, 1.5W KTP laser groups. Statistically, the difference between 1 W KTP laser group and all groups, and the difference between the group that 2.5% of NaOCl and all groups except of 4 W KTP laser group were found significant (p<0.05).
Discussion
E. faecalis, a Gram-positive anaerobic coccus, was chosen as the test organism for this study because it is the most commonly isolated bacterium in cases of inconclusive endodontic therapy (11) . It has been shown that E. faecalis is extremely resistant to various chemical disinfectants and intracanal medicaments (22) . Its high prevalence is due to its virulence factors as penetrated to dentinal tubules, adhesion to collagen, and capacitance against inadequate nutritional cases. In addition, it is recognized for its ability to form biofilms, which makes it extremely difficult to control (23) .
Clinically, NaOCl is known worldwide as an intracanal disinfectant irrigant for endodontic therapy owing to its organic tissue dissolving ability and its broad antimicrobial activity (24). Shih et al. (25) noted that a 5.25% NaOCl irrigant was a powerful germicide at this concentration. It has been reported that high-concentration solutions when flashed into the periapical tissues or leaked by the rubber dam during irrigation lead to tissue damage (26) . Furthermore, a 5.25% NaOCl solution considerably reduces the elastic modulus and flexural strength of dentin (27) . Siqueira et al. (28) evaluated the antimicrobial efficacy of varying concentrations of NaOCl solutions (1%, 2.5%, and 5.25% NaOCl) in vitro. They found that there was no significant difference among the three NaOCl solutions tested and that all test solutions were more effective than the control solutions (SF). In addition, Abdullah et al. (29) showed that treatment by 3% NaOCl irrigation for 2 minutes achieved complete elimination of the microorganisms. Considering these factors, this study used a 2.5% NaOCl solution for 10 minutes; rinsing with NaOCl caused a greater reduction of viable bacteria when compared with the laser treatment.
No bacteria samples were detected on any of the blood agar plates. These results were found to be in accordance with previous studies.
Sodium hypochlorite could not penetrate deeply enough into the dentin layer and could not exterminate bacteria in the deep dentin layers (7) . Although bacteria can move 1.1 mm along the dentin tubules, disinfectant solutions cannot pass beyond 0.13 mm (6) . With the introduction of laser energy and devices that moved energy into the root canal, the endodontic procedure was enriched and avoided the disadvantages of conventional endodontic cleaning procedures, thereby greatly raising the probability of successful treatment. Vaarkamp et al. (12) and Odor et al. (13) suggested that the dentinal tubules assumed the role of light conductors; in this way, the laser light is moved to the remote dentin areas. In comparison with chemical irrigants, lasers are markedly more effective in reaching deep dentin layers. In recent years, the bactericidal effects of various laser systems, such as the neodymium:yttrium-aluminum-garnet laser (Nd:YAG), the diode laser, erbium:yttrium-aluminumgarnet (Er:YAG) laser, and the erbium:chromium:yttriumscandium-gallium-garnet (Er,Cr:YSGG) laser, have been investigated for use in root canal treatment; many studies examining the antibacterial activity of these lasers indicated success (16, 20, 21, 30, 31) .
The most serious concern in the use of lasers in endodontics is the possible thermal effects in vivo of a laser on the pulp and periodontal tissues. During root canal treatment, although the laser is directly interacting with dentin, this interaction has the potential to reach up into the periodontal tissues by spreading the heat generated as a result of the interaction (20) . By analyzing the literature, it can be seen that there are a very limited number of studies on KTP lasers' bacterial effects; in addition, the KTP laser was used at limited power levels and for limited periods of time in these studies (13, 20, 21) .
Nammour et al. (32) , in their study, examined the ideal conditions for use of the KTP-Nd:YAG laser in root canal treatment. They showed that the use of KTP-Nd:YAG was safe, and although the output power was high (4W), the increase in temperature did not exceed critical values at the root surface. Taking this into account, the present in vitro study was performed to evaluate the bactericidal effect of the KTP laser at five different output powers (1W, 1.5W, 2W, 3W, and 4W) for 10 seconds, 3×, with a 20-second cooling time. Schoop et al. (20) evaluated the antibacterial effect of the KTP laser on the dentin disc and observed minor changes in the bacterial count at a 1W power setting KTP laser. However, when they used the higher setting of 1.5W, no growth was observed in half of the 20 samples. In the current study, when 1W output power was used, a more than 50% reduction rate was seen in bacteria; when 1.5W was used, the reduction rate was more than 65%; and when 4W was used, the reduction rate was more than 90%. In addition, no growth was observed in some samples in 4W group. In our study, we found no growth results in the higher output, and we thought that these differences occurred because of the different interactions with the target tissues. The effectiveness of lasers are based on many factors such as power settings, absorption of light in the tissues, time of exposure of the anatomy of the root canal, and the laser tip-to-target distance and angle (33).
Kustarci et al. (21) investigated the antimicrobial activity of the KTP laser in contaminated root canals. They irradiated the root canals at 1.5W, 10 J/cm 2 , with the KTP laser (5 seconds, 5×, with 15-second intervals). In their study, total elimination was achieved in the 2.5% NaOCl group. The KTP laser irradiation resulted in a significant decrease of the E. faecalis bacterial load; however, laser irradiation could not achieve complete sterilization. These results demonstrated that chemomechanical instrumentation is the basic principle for the sterilization of root canals and that the laser is useful as an adjunct method. In our study, when the 1.5W laser was used, a more than 65% success was achieved; however, it did not provide a complete sterilization. These results are consistent with the results of Kustarci et al. (21) . Meire et al. (19) evaluated the effectiveness of the KTP laser applications against E. faecalis on in vitro bacterial suspensions and in an infected ex vivo tooth model and found no significant effect on E. faecalis from using the KTP laser in vitro. These results can be explained by the KTP laser wavelengths, which are less absorbent in water. Transmission occurred rather than absorption and E. faecalis cells continued to survive. Thus, we preferred to work with the infected tooth model. The KTP laser used 1W for 5 seconds, 5×, at 20-second intervals (total energy 25 J/10 sample = 2.5 J per canal) and appeared to be too low to affect the viability of the E. faecalis cells. However, in our study, at 1W output power (5.33 J/cm 2 ), a bacterial reduction of 52.08%±20.46% was suggest-ed; we believe that the amount of total energy accumulated in the tissue explained these differences.
Romeo et al. (34) evaluated the antibacterial activity of KTP laser irradiations associated and compared the results with those of the conventional procedures. They used extracted teeth infected with E. faecalis biofilms. The KTP laser used 2.5W, Ton 35 ms, and Toff 50 ms (5 seconds, 3×, at 5-second intervals). The results of their study showed a reduction in the number of adherent E. faecalis in biofilm at various levels [only mechanical treatment (MT)< MT with KTP laser < MT with 5% NaOCl< MT with 5% NaOCl and KTP laser]. According to the results in the mechanical treatment groups, bacterial reduction was also found to be the lowest, whereas it was highest in MT with 5% NaOCl and the KTP laser group. Chemomechanical treatment, coupled with laser treatment, prevented the majority of the populations in root canals. In our study, we used 2.5% NaOCl alone, and 100% bacterial reduction was achieved. In the laser groups, 2W alone achieved a 77.43% success and 3W alone achieved an 87.98% success, but total disinfection could not be achieved in the canal.
In this study, superior antibacterial effects were obtained using KTP laser on the canal wall, although bacteria remaining in the deeper dentin were not observed and determined because of limitations of the bacterial analysis technique used in our study. Because of the methodological limitations, further in vivo and in vitro investigations are necessary to establish the antimicrobial activity on the entire dentin.
Conclusion
High-power KTP laser irradiation showed efficient antibacterial activity against E. faecalis; however, we did not achieve total elimination. KTP laser irradiation could be added to conventional endodontic procedures, particularly after the final NaOCl irrigation.
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